Background. Knowledge of the amount and quality of food consumed by a population is essential in determining the adequacy of the food availability and supply. Since its founding, the Food and Agriculture Organization (FAO) has developed methods for determining food availability and consumption that may be useful to other investigators.
Introduction
Knowledge of the amount and quality of food consumed by a population is essential in determining the adequacy of the food availability and supply. This knowledge can be applied to improved national food planning (agricultural or food import and export policy), food aid and entitlement distribution, or determining disparities in food available between regions or income groups. The methods of estimating food availability are varied and often depend on the level of detail, aggregation, and robustness of the data available. The Food and Agriculture Organization of the United Nations (FAO) has relied substantially on its national Food Balance Sheets (FBS) in assessing the food supply situation. However, although the FBS have contributed substantially to the knowledge of the food situation and trends in food production and availability, they provide only national average figures of food supply, not food consumed, and no indication of variations within a country.
FAO's promotion of Household Consumption and Expenditure Surveys
The limitations of the FBS became apparent at the very end of the 1960s as a result of the Indicative World Plan for Agricultural Development (IWP) [1] , a major review of the world food supply and production situation and possible future scenarios for future supply and production. An important and telling conclusion from this exercise was the recognition of the limitations of the FBS for assessing the food and nutrition situation, most often in those countries for which such information was needed the most. A major concern with the FBS is that it does not provide information on the actual food available and consumed by a household.
In spite of its reliance on the FBS, FAO had promoted [3] . The protocol, techniques, and practices advocated in the instruction materials for data collection and analysis were largely developed over time through experience and relied to a certain extent on trial and error.
Objective of paper
As FAO advised and supervised the conduction of HCES, it was confronted with two primary issues: how to measure food consumed within a defined consumption unit, and how to express the consumption and compare it with the requirements of the individual or consumption unit. The objective of this brief paper is to describe the various options that have been used for expressing the degree of adequacy of the amount of food (normally expressed in kcal or MJ) and to demonstrate the variation in results.
Methodology: Evolution of dietary assessment methods for households
The HCES with which FAO was involved over the years determined food intake by weighing the food prepared in the kitchen and served to the household and weighing the food remaining. This is a fairly laborious, invasive, and expensive method. This exercise can be done at each meal or just at the beginning and end of the day. In addition, it does not monitor what each participant eats but assumes that all will equally satisfy their requirements up to the limit of the food available. The amount of food measured (i.e., weighed) must then be compared with the aggregate requirement of the consumers. The "number of consumers" can be defined as the number of household members; the number of household members at the meal(s); or the number of consumers at the meal, including both household members and guests, but not including absent household members. In many HCES, for practical reasons, the amount of food consumed is attributed only to defined household members. However, the absence of household members at some meals, as well as the presence of guests (who are not counted as household members), should be taken into account when interpreting the amount of food consumed. To collect this information correctly, the survey enumeration team must be well trained and motivated.
When surveys use the household as the unit for which intake is measured, the interpretation of survey results is difficult, because total intake depends on the size and composition of the household unit, while the definition of the household unit can be elusive. The use of per capita intake accounts for the number of persons taking part in the meals, but not the composition of the household in terms of sex, age, and body size. This is a problem, because food intake is influenced by food energy requirements, which are determined primarily by sex and age in addition to other factors such as activity level. For example, a household including young children is expected to have a lower energy intake than a household consisting of only adults, because children's energy requirements, and consequently their food needs, are lower than those of adults. The Adult Male Equivalent (AME) was developed to provide an expression of household food intake that accounts for the composition of the household and allows the direct comparison of food or energy intakes of households of different sizes and compositions.
An additional consideration to be taken into account is the number of meals each person attends. This has led to an additional concept, the Equivalent Nutrition Unit (ENU), which weights the AME value according to the percentage of meals attended [4] . Both concepts are based on the relative energy requirements of the different age and sex groups of the population being expressed as a "multiple of an adult male, " with the ENU equaling the AME if the consumer attends all the meals of the day and a lesser percentage of the AME if some meals are missed. However, the percentage of total energy that a particular meal contributes to the daily intake differs according to meal type. The exact level of energy contribution depends on cultural factors and the number of meals in a day. The survey organizers can do some preliminary testing to approximate these values. Based on its experience, however, FAO has adopted a set of weights that will be used for this discussion. The four daily meals of breakfast, lunch, snack, and dinner will be weighted as 0.16, 0.43, 0.11, and 0.30, respectively.
It should be emphasized that the AME and ENU are not FAO inventions and are applied in a variety of academic disciplines, such as nutrition and food consumption studies, nutrition surveys, economic expenditure surveys, and food economic studies in general. In all instances, the purpose of their use is the same: to serve as an aggregate indicator for a household (or defined consumption unit).
FAO energy requirement methodology
It may prove useful to explain briefly the methodology for determining energy requirements as recommended by FAO and the World Health Organization (WHO). Since FAO's founding in 1945, five Expert Consultation groups have been convened: in 1949 [5] , 1956 [6] , 1971 [7] , 1981 [8] , and most recently in 2001 [9] , with its report published in 2004. The first two were solely FAO meetings, whereas the last three were done in collaboration with WHO.
From the time of the first expert meeting in 1949,
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Adult Male Equivalent and HCES it was recognized that the most valid determinate of energy requirements was energy expenditure, since the various methods for observing intakes of food energy were problematic and promoted a circular argument that access to food determined energy needs. However, reliable data on energy expenditure were not available until recently, and therefore energy intake data have been used. The energy requirement methodology described in the 2004 report is currently used for calculating energy requirements. A detailed description of the methodology and the information needed to apply the methodology is given in that report [9] . In addition, an accompanying software program for calculation of energy requirements of populations is provided with the report on a CD [10] , which is an update and expansion of the 1990 version [11] .
For all age groups, the estimate of energy requirements is based on the Total Energy Expenditure (TEE). However, the experts at the 2001 Expert Consultation also included an additional allowance for energy deposition in normal growth for infants, children, and adolescents (from birth to 17 years). For adults (> 18 years) there are only two major components of TEE: basal metabolic rate (BMR) and physical activity. In addition, a more sophisticated calculation of energy needs during pregnancy and lactation was introduced.
Physical activity can be determined to various levels of precision, depending on the data available. However, most often an average value for a described lifestyle, taking into account the 24-hour aggregated value of the energy expenditure of all daily activities with pauses, expressed as a multiple BMR, is used: this is equal to the Physical Activity Level (PAL) value. Possible choices can be found in FAO [9] and Ballard and Raj [10] .
Results

Examples of applying the AME and ENU
For the purposes of demonstrating the value of the AME and ENU, the energy intakes and requirements of a hypothetical family in a hypothetical survey are presented. Two tables are displayed, each providing a spreadsheet with calculations of the energy requirements for each member of this hypothetical family of four (table 1). The same family of four is presented, but with the requirement of each member adjusted by attendance at the meals and with the meals weighted for their respective energy contribution to the daily amount of food consumed, and then again with the presence of a guest at the evening meal (table 2). It would be ideal to have the heights of not only the family members but the guest as well, although this is usually not possible. If such is the case, one can assign the [10] . b. Equations for BMR based on body weight are given in FAO [9] for children and Schofield [12] for adults.
c. An arbitrary but realistic PAL value of 1.75 is used; the calculation and consideration of possible PAL values are discussed and demonstrated in James and Schofield [11] . d. The explanation and calculation of this factor are discussed in FAO [9] . e. AME = TEE/11.771 or the percentage of the member's TEE of the adult male's TEE.
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R. Weisell and M. C. Dop appropriate weight that would result in an ideal BMI (22 for the adults and 18 for the 12-year-old daughter), based on the actual height [9, 10] . If such is not the case, one can assign a mid-year weight from the WHO reference growth curve [13] for those under 18 years of age and average weights of 64 kg for adult men and 55 kg for adult women, as suggested by Ballard and Raj [10] . In this example, an average PAL value of 1.75 has been chosen, which represents an average moderateactivity PAL for a developing country; one can also use a light-activity value of 1.65 or a heavy-activity value of 1.90. However, with additional information, such as type of work and associated energy expenditure value or an actual energy expenditure pattern throughout the day, a more precise value can be assigned, but again, very often this information is not available. As prescribed by the 2004 energy requirement report, an additional amount of energy is added for weight gain and energy for growth of children (< 18 years). The 9th, 10th, and 11th columns of table 1 show three different ways of expressing the daily energy requirement, with the 12th column giving the respective AME values. This value is simply the individual's daily requirement value expressed as a percentage of the requirement value of an adult male. As can be seen, the aggregate AME for this family of four is 3.059. Table 2 replicates table 1 but continues from column 13 onwards with an approximate weighting value applied to each meal representing the energy contribution of that meal to the daily energy intake. As mentioned earlier, this is an important factor to take into account when the food consumed throughout the day is measured and one that is often neglected. FAO has often used the values calculated from the actual percentages determined for each meal from various surveys, but it has been found that these values tend to agree with each other or sources such as those suggested by Reh [3] . Thus, if a person attended all the meals, the "meal weight summation" value would be 1.00, and if none, zero (column 17). Column 18 gives the individual's weighted summation value for attendance at meals multiplied by the respective AME, i.e., resulting in the ENU. One can see that with the weighting factor due to attendance at meals, the household AME of 3.059 is reduced to an ENU of 2.541. With the presence of a guest adult male (listed at the bottom of the table), the meal weight summation increases from 3.46 to 3.76 and the ENU from 2.541 to 2.841. [10] . b. Equations for BMR based on body weight are given in FAO [9] for children and Schofield [12] for adults.
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Conclusions Implications for estimating household food supply
There are several points to be drawn from this discussion. Table 1 clearly shows that families with the same number of members need not have the same total energy requirement levels. The family in table 1 has a daily total requirement of 36.012 MJ (8,601 kcal). Another family of four, but with the head of the household being a single mother aged 35 with three children, a boy of 10, a girl of 6, and another girl of 4, the total energy requirement would be 29.649 MJ (7,200 kcal), with an aggregated AME of 2.159. The energy requirement of the second family is 18% lower than that of the first, and yet both may be seen as the same-a family of four. However, when the families' energy requirements are expressed as the aggregate AME, the differences in the family composition are accommodated. Table 2 demonstrates additional factors that must be taken into account when the survey actually records the household's food consumption during the day (or possibly over a several-day period) or at the more disaggregated level of food consumed at each meal. In such cases, information that determines energy requirements (such as sex, age, height, and weight) should be collected from all of the participants at the meal or at least estimated to the extent possible.
Suppose the aggregate recorded amount of food consumed by the participants at the meal of the hypothetical family plus a guest at dinner equaled 34.000 MJ or 8,121 kcal. If the daily requirement values of the four family members were used to determine adequacy (36.012 MJ or 8,601 kcal), the results would show that the energy amount of the food consumed was inadequate by 5.58%. If the guest who was present at only one meal were included in the calculation as present at all four meals (47.783 MJ or 11,412 kcal), the inadequacy would be 29%. If the attendance of the family members and the guest at their respective meals was accurately recorded, the food energy surplus would be only 1.67%.
If family and household members and guests are not taken into consideration in the estimation of household food supply, the conclusions drawn as to its adequacy will most likely be inaccurate. One can see that the accurate calculation of energy requirements of those consuming the household meals and the correct unattended and 2) presence of a guest 10 c. An arbitrary but realistic PAL value of 1.75 is used; the calculation and consideration of possible PAL values are discussed and demonstrated in James and Schofield [11] . d. The explanation and calculation of this factor are discussed in FAO [9] . e. AME = TEE/11.771 or the percentage of the member's TEE of the adult male's TEE. recording of those present and absent at the various meals, including guests, strongly influence the analysis of the food intake. Even if the data are not available for a precise calculation of these factors, an approximate estimate of energy requirements of those attending the meals will provide an added value in the analysis.
